Orally administered glycoside constituents of herbal drugs are biotransformed into various metabolites by intestinal bacteria.
After 1.5 h of incubation, the reaction mixture was extracted with AcOEt and the soluble fraction was concentrated and directly applied to the preparative TLC plates, followed by developing in a CHCl 3 -MeOH-benzene (4 : 1: 1.7) solvent system. The bands of the target compounds were detected under 254 nm UV light and scraped off. Elution with the 30% MeOH-CHCl 3 solvent afforded four thio-PM-I derivatives, 3 (18.8 mg, 24.5%), 4 (15.0 mg, 17.2%), 5 (8.0 mg, 10.0%) and 6 (8.4 mg, 9.6%).
2 (6 mg, 12.1%) 9) was prepared as above in the absence of mercaptans and the target zone in the preparative TLC plates was detected by spraying 5% anisaldehyde-H 2 SO 4 reagent in a small piece cut from the developed preparative TLC.
Separation and Structure Elucidation of Thio-PM-I Derivatives The products obtained were the epimeric mixtures of isomers at C-7 (Chart 1), which showed a single spot on TLC in the solvent systems used. These epimeric mixtures (3.0 mg each) were separated into individual pure isomers (7S and 7R) of 3 (3a, 2.0 mg and 3b, 0.9 mg) and 4 (4a, 1.9 mg and 4b, 0.9 mg) by HPLC using the mobile phase H 2 O-CH 3 CN (60 : 40).
The physical and spectroscopic properties of the new 7S-and 7R-isomers of 4 as well as those of 3 10) are as follows. 13 C-NMR: see Table 1 . Quantitative Analysis by HPLC After the incubation of 1 and the four mercaptan compounds with L. brevis suspension, an aliquot (200 ml) of the reaction mixture was mixed with 200 ml MeOH containing IS (internal standard: 4, 4.5 mg/ml), followed by vortex-agitation and centrifugation (10000 rpm, 10 min). The supernatant was filtered (0.45 mm), and an aliquot (100 ml) of the filtrate was analyzed by HPLC under the conditions described in the legend of Fig. 1 .
7S-PPT-PM-I (4a)
Quantitative Analysis by TLC Densitometry An aliquot (90 ml) of the reaction mixture was extracted with n-BuOH (180 ml), an aliquot (30 ml) of the n-BuOH layer as well as the standard solutions was directly applied to the silica gel TLC plates, and the plates were developed by CHCl 3 -MeOH-benzene (4 : 1 : 1.7). The developed plates were air-dried and sprayed with 5% anisaldehyde-H 2 SO 4 reagent, followed by heating at 120°C for 10 min. The spots were evaluated by TLC-densitometric scanning at 560 nm and 785 nm (reference wavelength) in reflection mode using a linear scan mode and 10. Comparison of Biotransformation Rate between PM-I (2) and Thio-PM-I Derivatives PF (1) was incubated with an aliquot (0.2 ml) of the L. brevis suspension, prepared as above, under the conditions described in the legend of Fig. 2 . At time intervals of 30, 60 and 90 min, 90 ml of the reaction mixture was withdrawn. The amounts of the 2 and thio-PM-I derivatives formed as well as the 1 left were determined by TLC densitometry or/and HPLC as described above, respectively.
Optimization of the Biotransforming Reaction Conditions 1) Amounts of Rats Feces and Incubation Time: Fresh rat feces (4 g) were suspended in 50 mM Na-phosphate buffer (pH 7.2, 20 ml) by gentle homogenization. The biotransforming reactions in various amounts of rat fecal suspension (0.1-0.5 ml) for different incubation periods (5-40 min) were investigated under the conditions described in the legend of Table 2 . Protein in the fresh rat fecal suspension was determined by the Lowry method with BSA as the standard sample 11) to express the PF-metabolizing activity as activity per unit weight of protein.
2) PF (1) and Phenylmercaptan (7) Concentrations: The biotransforming reactions using various concentrations of 1 or 7 were examined under the conditions described in the legend of Figs. 3 and 4, respectively.
Validation of HPLC Analysis of PT-PM-I (3) in Fecal Suspension
The fresh fecal suspension prepared as above was divided into several aliquots (4 ml each) and stored at Ϫ20°C. Intra-day precision (repeatability) of the method was studied by analyzing the biotransformation rate of 1 into 3 in the same aliquot of the fecal suspension, based on five replicate reactions on the same day. Inter-day precision (reproducibility) was assessed by analyzing the formation rate of 3 in the aliquots of the stored suspension (always first thawed) based on repeated reactions on four different days over two weeks under the same conditions. Accuracy of the technique used for the determination of the 3 converted in the reaction mixture was evaluated by the calibration solutions, which were prepared from a sterilized fecal suspension spiked with the standard solutions of 3 (in MeOH) at 0.5, 5.0, 10, 50 and 500 mg/ml.
Efficiency of the extraction of 3 by MeOH from the reaction mixture was assessed by comparing the peak areas of 3 obtained from the calibration solutions (0.5, 5.0, 10, 50, 500 mg/ml) following extraction, to those obtained from the standard solutions of 3 of the same concentration directly injected into HPLC. Similar evaluation was performed on IS (4 at 4.5 mg/ml) to study the efficiency of distribution of the IS into the MeOH soluble portion when the IS-containing MeOH was mixed with the reaction mixture.
The extracts of the reaction mixture were stored at Ϫ20°C and the stability of the 3 was assessed by comparing the peak area of 3 obtained from the stored and the fresh extracts. This experiment was performed on four different days over two weeks under the same conditions.
Results and Discussion
Thio-PM-I Derivatives Transformed from PF (1) (Chart 1, Table 1 ) Four thio-PM-I derivatives possessing UV absorbing chromophores were prepared by the incubation of 1 with L. brevis in the presence of four mercaptan compounds. These thio-PM-I derivatives are believed to be formed by non-enzymatic Michael-type reactions during the metabolism of 1.
7) They were obtained as epimeric mixtures at C-7 (Chart 1), and were separated into individual 7S-and 7R-isomers by HPLC using H 2 O-CH 3 CN (60 : 40) as a mobile phase.
The structures of the thio-PM-I derivatives, including those of the two new isomers of 4, were confirmed by spectroscopic means including 1 H-1 H correlation spectroscopy (COSY), 1 H detected heteronuclear multiple quantum coher-ence (HMQC) and heteronuclear multiple bond connectivity (HMBC) experiments. The absolute configuration of 7S-and 7R-isomers were determined based on the steric interactions between C-5 and C-8 units and the 13 C-NMR chemical shift data. 7, 12) In both 3 and 4, the C-5 of the 7S-isomers resonated at upfield (d C 31.5 and d C 32.2) while those of the 7R-isomers resonated at downfield (d C 35.6 and d C 35.7), respectively (Table 1) .
Quantitative Analysis of Thio-PM-I Derivatives by HPLC ( Fig. 1) As exemplified in the HPLC profile (Fig.  1) , the thio-PM-I derivatives were eluted as double peaks indicating the 7S-and 7R-isomers. The retention time of 7S-isomer was found to be shorter than that of 7R-isomer for all of the thio-PM-I products. The peak area ratio (7S : 7R) was 2.2 : 1.0 for 3 and 2.1 : 1.0 for 4, respectively. The ratios for the other compounds were also in agreement with those in the previous report.
9)
The calibration curves developed by plotting the peak area (sum of two isomers) ratios (e.g., 3 vs. IS: 4) against the amount of the analyte injected showed good linearity at the range of 0.1 mg/ml to 500 mg/ml with the regression coefficients in the range of 0.9991-0.9999. (Fig. 2) The time courses of bioformation of the four thio-PM-I derivatives from 1 and the four mercaptan compounds by L. brevis were compared with that of 2 from 1 alone. 3 exhibited higher bioformation rate than the three other adducts, 4, 5 and 6 ( Fig. 2A: determined by HPLC) . This bioformation rate of 3 was found to be equivalent to that of 2 ( Fig. 2B : determined by TLC densitometry). Thus, the PF-metabolizing activity of intestinal bacteria could also be determined Table 1 . 13 
Formation Rate of PM-I (2) and Thio-PM-I Derivatives

C-NMR Data of PT-PM-I (3) and PPT-PM-I (4)
PT-PM-I (3) PPT-PM-I (4) Mercaptan compounds: phenylmercaptan (7, for 3), benzyl mercaptan (for 5), thiobenzoic acid (for 6) and phenylpropyl mercaptan (for 4). The formation rate of 3 determined by HPLC was equivalent to that determined by TLC densitometry.
through the rate of bioformation of 3 from 1 and 7, not only through that of 2 from 1 alone.
Moreover, the yields of 3 converted from 1 (0.38 mg) after incubation with L. brevis suspension (0.2 ml, 1.43 mg protein) and rat fecal suspension (0.4 ml, 4.68 mg protein) for 15 min was 42.3 mg and 2.5 mg, respectively. This proved that the PF-metabolizing activity of rat feces was much lower than that of L. brevis. Since the 2 formed by L. brevis was undetectable by HPLC (data not shown) due to the lack of chromophore in its structure, that produced by the rat feces was even more difficult to determine. However, the 3 formed could be easily detected by HPLC at 255 nm (Fig. 1) . The bioformation rate of 3 determined by HPLC was equivalent to that determined by TLC densitometry (Fig. 2) . Therefore, instead of 2, 3 can be utilized as a marker substance for the determination of PF-metabolizing activity of intestinal bacteria using HPLC.
Optimization of Feces Amounts and Incubation Time As shown in Table 2 , when the amounts of the fecal protein were in the range of 1.17-4.68 mg, and incubated with 1 (2.0 mM) and 7 (5.0 mM) for 5-25 min, good linearities were observed between the concentration of the 3 formed and the incubation time. Based on these results, the incubation conditions using fecal suspension (0.4 ml, 4.68 mg protein) and incubation time (15 min) were proved to be the optimal conditions for determining the PF-metabolizing activity of intestinal bacteria in rat feces.
Optimization of PF (1) and Phenylmercaptan (7) Amounts (Figs. 3, 4) The bioformation rates of 3 obtained while maintaining 7 at 5.0 mM in the fecal suspension (0.4 ml, 4.68 mg protein) were directly plotted against different concentrations of 1 (Fig. 3A) . The effects of the concentrations of 1 on the biotransformation rates were evaluated using the Michaelis-Menten method (steady-state method). The achieved curve was in good agreement with the Michaelis-Menten model (a rectangular hyperbola), and approached the steady kinetic state (asymptote) reflecting the substrate saturation and the maximal transformation rate when 1 was 2.0 mM. The apparent Michaelis-Menten constant (K m , a measure of enzyme-substrate affinity) of the feces for 1 obtained from a double reciprocal plot (a Lineweaver-Burke plot) of the same data was 0.12 mM (Fig.  3B) . Moreover, the K m of L. brevis (0.2 ml, 1.43 mg protein) for 1, which was evaluated under the same conditions, was 0.14 mM, similar to that of the feces. This proved that the feces and L. brevis have similar utilization of 1.
A similar investigation was performed on 7 to find its optimal concentration, with 1 at 2.0 mM in the same amount of fecal suspension. As shown in Fig. 4 , the bioformation rate of 3 increased with increasing concentrations of 7 and reached maximum when 7 was 5.0 mM or more. A similar result was obtained for L. brevis. Based on the above results, 2.0 mM of 1 and 5.0 mM of 7 were selected as the proper concentrations for determining the bioformation rate of 3 from 1 in fecal suspension. (Fig. 5) From the above results, the optimal reaction conditions for the bioformation of 3 from 1 and 7 by rat fecal suspension were established (Fig. 5) . The concentration of 3 in the reaction mixture was determined under the HPLC conditions described in the legend of Fig. 1 .
Validation of HPLC Analysis of PT-PM-I (3) in Fecal Suspension
The mean intra-day precision of the method for determination of the rat feces activity was 2.6% (coefficient of variation, CV%, nϭ5). The inter-day precision was not evaluated since the activity was greatly decreased (37% of the original, nϭ4) after being stored frozen for 1 d. However, after the fecal suspensions were processed with reaction and treated with methanol, the extracts were stable when stored at Ϫ20°C for at least two weeks (4.3% change from the fresh extracts, nϭ4). The mean accuracy for the determination of the 3 formed in the extracts was 103% (percentage of nominal concentrations, nϭ5). The mean efficiency of the extraction was 94% (nϭ5) and 93% (nϭ3) for 3 and the internal standard (4), respectively. These data were acceptable in accordance with the generally accepted guidelines for assay validation. 13) 1236
Vol. 50, No. 9 Each value represents meanϮS.D. (nϭ3) of the 3 formed (mM). Values in parenthesis represent protein contents in the fecal suspension. Transforming reaction: the rat fecal suspension (fresh feces 0.2 g/ml in 50 mM Na-phosphate buffer, pH 7.2) was mixed with 1 (final 2.0 mM) and 7 (final 5.0 mM), total 0.6 ml, and incubated at 37°C. At the indicated time, 70 ml of the reaction mixture was withdrawn and immediately mixed with 70 ml of IS-containing MeOH. After filtration (0.45 mm), 100 ml of the filtrate was subjected to HPLC for the quantitative analysis of the 3 formed. 2), total 0.6 ml (or 0.4 ml), was incubated at 37°C. After 15 min, 200 ml of the reaction mixture was withdrawn and immediately extracted with 200 ml MeOH, and the formation rate of 3 was determined by HPLC as described in the legend of Fig. 1 .
In summary, the purpose of this research was to develop a rapid and efficient HPLC analytical method for measuring the PF-metabolizing activity of rat intestinal bacteria. In this regard, the rate of 1 into 2 was found to be equivalent to that of 1 into 3, which was detected by HPLC at 255 nm. Thus, 3 was used as a marker substance in this HPLC method to determine the PF-metabolizing activity of intestinal bacteria. The optimal conditions for the incubation and HPLC determination for 3 are shown in Fig. 5 and Fig. 1 , respectively. Since this method was proven to be a simple and reproducible analytical method for the determination of PF-metabolizing activity of rat intestinal bacteria, it can be used for the biopharmaceutical study of traditional Chinese formulations containing Paeoniae Radix. We are now using this method to investigate the influence of some synthetic drugs on the pharmacokinetic fate of 1 from Shaoyao-Gancao-tang. . ᭹: incubation with L. brevis suspension; ᭺: incubation with fecal suspension. A mixture containing 0.4 ml fecal suspension (or 0.2 ml L. brevis), various concentrations of 7 (final 0.5-7.5 mM), 1 (final 2.0 mM) and 50 mM Na-phosphate buffer (pH 7.2), total 0.6 ml (or 0.4 ml), was incubated at 37°C. After 15 min, 200 ml of the reaction mixture was withdrawn, and the formation rate of 3 was determined by HPLC as described in the legend of Fig. 1 . Fecal suspension: fresh feces 0.2 g/ml in 50 mM Na-phosphate buffer (pH 7.2). IS: 4 (4.5 mg/ml). HPLC conditions: see legend to Fig. 1 . The standard curve for determination of the concentration of 3: Yϭ0.56X (rϭ0.9999), Y: 3 (mg) and X: A/B (A and B are the sum of the peak area of the two isomers of 3 and 4, respectively). Detection limit: 0.05 mg /ml. Recovery rate: 94%.
